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(57) ABSTRACT

In a three-dimensional image forming device for forming a
phantom three-dimensional image in accordance with an
image of an inner face of a tubular structure to be observed,
luminance information of pixels corresponding to a pre-
scribed range of each frame image of the tubular structure is
obtained under prescribed lighting conditions when an imag-
ing device with an optical axis extending to an axial direction
of the tubular structure moves, a relative distances in a depth
direction between points and an objective lens is calculated in
accordance with the luminance information, pixels corre-
sponding to the prescribed range of each frame image in the
inner face ofthe tubular structure is arrayed in reflection of the
relative distance, and the arrayed pixels are combined for a
plurality of the frame images to form a three-dimensional
image of the inner face of the tubular structure.

14 Claims, 17 Drawing Sheets

#11

#12|  SET TEST LINE AND DEPTH AXIS

413  EXTRACT ONE FRANE WAGE
FROM VIDEO FILE

ACQUIRE RGB VALLES OF
PIXELS ON TEST LINE

7 CALCULATE RELATIVE DISTANCE
ON TEST LINE IN DEPTH DIRECTION

#18

#19

#20

#21

READ VIDEC FILE

EXPAND AND ARRAY PIXELS
ON TEST LINE

FORM 3D IMAGE BY COMBINING
ARRAY DATA

DISPLAY 3D GRAPH




US 9,247,865 B2

Page 2
(51) Int.ClL JP 11-66316 A 3/1999
Gost 700 (2006.00) i 200010424 A 12000
GO6T 17/00 (2006.01) Jp 2000-121339 A 4/2000
A61B 5/107 (2006.01) P 2000-331168 A 11/2000
(52) US.CL Jp 2001-224594 A 8/2001
CPC ..... AG61B 5/1076 (2013.01); GO6T 2207/10016 Jp 2002-191554 A 7/2002
(2013.01); GO6T 2207/10068 (2013.01); GO6T }g 2382%%22; 2 . %883
2207/30028 (2013.01) Jp 2006-187551 A 7/2006
(56) References Cited WO WO 2004/096008 A2  11/2004
U.S. PATENT DOCUMENTS OTHER PUBLICATIONS
5,469,254 A * 11/1995 Konomura ................. 356/241.1 Supplemental European Search Report dated Jul. 6, 2010, issued in
2002/0148947 Al* 10/2002 Kakiuchi et al - 250/208.1 the corresponding European Application No. 07744488.3-2319
2005/0259888 Al* 11/2005 Ozluturk ......cccccovvennee 382/260 (PCT/TP2007061100)
2006/0045377 Al*  3/2006 Kawai .....ccccceoveennene 382/274 '
PCT/ISA/210.
FOREIGN PATENT DOCUMENTS PCT/ISA/237.

Jp 06-042300 2/1994 * cited by examiner



US 9,247,865 B2

Sheet 1 of 17

Feb. 2, 2016

U.S. Patent

9E \
W 304N0S 1HOIN
_
— d3T104LINOD
eg — |
| | d0SS3004d
qg ——1___ 1YNOIS

—al

<Y

v/mmwwﬂmwmmmmmmwﬁRw)/pom

L

& T8

—~

0¢

L bi4



U.S. Patent Feb. 2, 2016 Sheet 2 of 17 US 9,247,865 B2

Fig.2
20
21—~  CcPU MONITOR  [~}—29
22— ROM INPUT DEVICE [~}—26
2317 RAM PR(%%%OR 27
24 HD EXTERNAL I/F [~{—28




U.S. Patent Feb. 2, 2016 Sheet 3 of 17 US 9,247,865 B2

m~—_ @
N
U’ 1 I‘

2C



U.S. Patent Feb. 2, 2016 Sheet 4 of 17 US 9,247,865 B2

Fig.4A
LT T

N




U.S. Patent Feb. 2, 2016 Sheet 5 of 17 US 9,247,865 B2

Fig. 5

L__L h7

h2
ha h6 h8



U.S. Patent Feb. 2, 2016 Sheet 6 of 17 US 9,247,865 B2




US 9,247,865 B2

Sheet 7 of 17

Feb. 2, 2016

U.S. Patent

Fig. 8




U.S. Patent Feb. 2, 2016 Sheet 8 of 17 US 9,247,865 B2

Hoa
—
0
: =
Fig. 9A  z
prd
o
=
w
O
0.
/
LUMINANCE
LU
z
| >
Fig. 9B &
5
prd
O
=
w
@)
.
/
LUMINANCE
Fig. 9C

POSITION ON TEST LINE

LUMINANCE



U.S. Patent Feb. 2, 2016 Sheet 9 of 17 US 9,247,865 B2

Fig. 10
w A
=
-
L
I.—
=
O
=
O
=
w
O
o.
TIME g
Fig. 11
w4
=

POSITION ON TEST LI




U.S. Patent Feb. 2, 2016 Sheet 10 of 17 US 9,247,865 B2

LARGE 4

>

LUMINANCE




U.S. Patent Feb. 2, 2016 Sheet 11 of 17 US 9,247,865 B2

Fig. 1




U.S. Patent

US 9,247,865 B2

Feb. 2, 2016 Sheet 12 of 17
Fig.14
( START )
#11 READ VIDEO FILE
l
#12 | SET TEST LINE AND DEPTH AXIS
413 EXTRACT ONE FRAME IMAGE
FROM VIDEO FILE
|
414 ACQUIRE RGB VALUES OF
PIXELS ON TEST LINE
|
416 CALCULATE LUMINANCE OF
EACH PIXEL
1
417 | _ CALCULATE RELATIVE DISTANCE
ON TEST LINE IN DEPTH DIRECTION
1
418 EXPAND AND ARRAY PIXELS

#19

#20

#21

ON TEST LINE

ARE ALL STEPS #14~#17
DONE FOR ALL FRAME
IMAGES ?

FORM 3D IMAGE BY COMBINING
ARRAY DATA

DISPLAY 3D GRAPH

END




U.S. Patent Feb. 2, 2016 Sheet 13 of 17 US 9,247,865 B2

Fig.15
50
{
52 VARIATION IN
N 2 CIRCUMFERENTIAL
______ R ( DIRECTION
______ Ty
- —
521 VARIATION IN AXIS DIRECTION

Y

IMAGE PROCESSING
DEVICE

)

20




US 9,247,865 B2

Sheet 14 of 17

Feb. 2, 2016

U.S. Patent

Fig.16A

—— TIME

6 VIVQ AVHYY 13XId

8 VIVA AVdYdY 13XId

4 V1Va Avddy 13XId

9 VIVa AVHYHY 13XId

G VIVA AVHYY T3XId

v VIV AVHYY 13XId

€ VIVA AVHYY 13XId

¢ VIVA AVHYY 13XId

L VIVA AVHYY 13XId

0 Vivd AVddY 13XId

-~ — - REFERENCE

6 Viva AVdYY 13XId

8 VLVa AVHYY 13XId

4 VIVA AVHYY T3XId

9 V1VQ AvHY 13XId

G VIVa AvHYY 13XId

@(CORRECTION)

¥ YIVA AVEYHY 13XId

',

€ VIVQ Avdyy 13XId

[

¢ Y1VQ Avdyy 13Xid

l V1vd Avddy 13XId

0 VIVQ AvddY 139XId

|
DRI NN

(NOILOFHHOD TVILNIHIFNWNIYID)

Fig.16B



US 9,247,865 B2

Sheet 15 0of 17

Feb. 2, 2016

U.S. Patent

Fig.17A

> TIME

6 V1Vd AvdyY 13XId

8 VLvQ Avydv 13XId

L V1V AVHYY 13XId

9 VLvQ Avyyy 13Xid

G VIVO Avddy 13XId

¥ VIVQ AVHYHY 13XId

€ V1va Avydy 73XIid

¢ Y1va Avydy 13XId

L YIVA AvddY 713XId

0 Viva Avddy 13xid

Fig.17B

POSITION

—> IN AXIS
DIRECTION

_lm VIva AVHYY 13XId

; M SA— e a o ..l-..l_

H

L VIVaQ Avddy 13XId
I

19 VIvO AV T3XId

TV ST CTaT Y ..l~:.|._

M7 YIVA AVYYY 13XId

L A A N A T

L VIVA Avddv 13Xid

0 V1YQ Avddy 13Xid

|

;‘Y‘——JW—J

0

/

(CORRECTION)

Fig.17C

POSITION
IN AXIS
DIRECTION

8 VIV AVHdY 13XId

L V1YQ AvHYY 13XId

G VIVQ AvHdY 13XId

¢ Viva Avyyy 13X

L Viva AVddY 13xid

0 VLV Avdyy 13XId




U.S. Patent Feb. 2, 2016 Sheet 16 of 17 US 9,247,865 B2

Fig. 18A

POSITION ON TEST LINE

AXIS DIRECTION

Fig. 188

POSITION ON TEST LINE

AXIS DIRECTION



U.S. Patent

US 9,247,865 B2

Feb. 2, 2016 Sheet 17 of 17
Fig.19
START
#11 READ VIDEO FILE
l
#12 SET TEST LINE AND DEPTH AXIS
I
I‘
413 EXTRACT ONE FRAME IMAGE
FROM VIDEO FILE
|
414 ACQUIRE RGB VALUES OF
PIXELS ON TEST LINE
l
ACQUIRE POSITION INFORMATION IN
#15| CIRCUMFERENTIAL DIRECTION AND
AXIS DIRECTION
[
#16 CALCULATE LUMINANCE OF
EACH PIXEL
|
417 CALCULATE RELATIVE DISTANCE
ON TEST LINE IN DEPTH DIRECTION
I
EXPAND AND ARRAY PIXELS LOCATED
#18 ON TEST LINE WHILE DOING

#19

#20

#21

CORRECTION IN CIRCUMFERENTIAL
DIRECTION AND AXIS DIRECTION

ARE ALL STEPS #14~#17
DONE FOR ALL FRAME
IMAGES ?

FORM 3D IMAGE BY COMBINING
ARRAY DATA

DISPLAY 3D GRAPH

END




US 9,247,865 B2

1
THREE-DIMENSIONAL-IMAGE FORMING
DEVICE, THREE DIMENSIONAL-IMAGE
FORMING METHOD AND PROGRAM

TECHNICAL FIELD

The present invention relates to a three-dimensional image
forming device for forming continuous three-dimensional
images at high speed, on the basis of a relative distance
between an objective lens and points inside a tubular struc-
ture, in which the relative distance is calculated from continu-
ous images or video images inside the tubular structure cap-
tured by a camera or an endoscope disposed or inserted in a
tubular structure such as tunnel, sewerage pipe, digestive tract
or tubular organ of a patient, or the like.

BACKGROUND ART

Conventionally, regarding use of an endoscope device,
generally, the observation region depending on the viewing
field of the endoscope inserted in a tubular structure is
observed grossly or displayed on a video camera, and is
recorded as still image or vide image in a recoding range
specified by an observer. In this case, the observed or dis-
played range is limited within the observation viewing field of
the endoscope, and the entire picture is recorded by repeating
record of image in local range. In this method, the entire
picture cannot be displayed as one seamless picture, and it
lacks objectivity in identification of the position of the region
of interest. Other method of continuously recording the entire
image includes a video imaging method, but the entire picture
cannot be displayed simultaneously, and it takes time in view-
ing. In the conventional methods, only two-dimensional
images are recorded, and a three-dimensional structure can-
not be recognized. Further, in the conventional methods, it is
difficult to record objectively the hardness or motion of tis-
sues composing a tubular structure.

For example, patent document 1 discloses an image form-
ing system for forming continuous seamless expanded still
image data inside a tubular structure of this type. This image
forming system includes means for acquiring digital image
data, pipe projection converting means for forming an
expanded diagram in circumferential direction inside the
tubular structure for each frame of the acquired digital image
data, means for mosaicing, means for compressing image
data, and means for compressing image data. The image
forming system constructs an entire image by linking in the
direction of the central axis of the tubular structure expanded
diagrams in circumferential direction of each frame of the
endoscopic video image.

Patent document 2 discloses a method of creating an entire
image by taking images inside of a tubular structure while
monitoring the posture and position information of a camera
moving in the tubular structure and linking a plurality of
images while matching the observation field of the camera.

Patent document 3 discloses a method of measuring the
shape of the inside of a body stereoscopically by directional
lighting using an endoscope with a directional scanning light-
ing device provided at the leading edge of the endoscope.
Patent document 4 discloses a method of calculating the
three-dimensional information of the subject based on inter-
ference fringes formed on the subject and distance informa-
tion, using an endoscope with an interference fringe project-
ing unit and a laser spot projecting unit for measuring the
distance provided at the leading edge of the endoscope.

Patent document 5, for example, discloses a method of
detecting three-dimensional information of the subject by
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2

taking images at arbitrary time intervals while varying the
amplitude of the illuminating light, and measuring the dis-
tance of each point based on the luminance of each point of
the taken image and the degree of change of image gain.

Patent document 6, for example, discloses a method of
creating strip-like images from 360-degree spatial video
image captured using a camera moving in the tubular closure
through convex mirror or fisheye lens installed in front of the
camera and linking them while correcting them in the direc-
tion of camera’s motion to display one entire image.

Patent document 7, for example, discloses a method of
calculating the length or area of the subject by calculating the
relative positions between a pipe having a single cross section
and an endoscope from the endoscopic images inside the pipe
observed by the endoscope moving in the pipe.

Patent document 8, for example, discloses image process-
ing means for forming a three-dimensional model from a
plurality of two-dimensional images taken while varying the
optical parameters. Patent document 9 discloses a technique
of forming a three-dimensional model from a plurality of
images taken while changing the optical parameters. Patent
document 10 discloses a technique of extracting stereoscopic
information by parallax, by separating the subject observed
by an endoscope with a color filter into color components.

Patent document 11, for example, discloses a technique of
measuring the hardness of biological tissues by calculating
reflection signals from the biological tissues with modulated
ultrasonic waves emitted from an ultrasonic transducer
mounted at the leading edge of an endoscope.

PATENT DOCUMENT

JP-A-2003-32674
JP-A-11-66316
JP-A-2003-535659
JP-A-05-21988
JP-A-2000-121339
JP-A-2000-331168
JP-A-05-340721

Patent document 1:
Patent document 2:
Patent document 3:
Patent document 4:
Patent document 5:
Patent document 6:
Patent document 7:
Patent document 8: JP-A-11-337845
Patent document 9: JP-A-2002-191554
Patent document 10: JP-A-2000-19424
Patent document 11: JP-A-2001-224594

DISCLOSURE OF INVENTION

In the techniques disclosed in patent documents 1 and 6,
expanded images are created from the images taken by one
camera, and it is required to extract the central axis of the
tubular structure from images. Thus the images cannot be
linked under the situation in which the endoscope moves in an
irregular-shaped tubular structure, that is, the situation in
which the relative positions of the optical axis of the camera
and the central axis ofthe tubular structure are always varying
largely.

In the technique shown in patent document 2, since the
posture and position of the camera are always measured, and
the measuring device and information processing device for
the measurement are needed, and the adjustment and calcu-
lation are complicated. In the techniques shown in patent
documents 3, 4 and 9, a plurality of devices must be addition-
ally installed to the endoscope main body.

In the technique shown in patent document 5, the distance
to the camera is calculated from the degree of change of
luminance of reflected light from the subject taken at an
arbitrary time interval with the light varying in amplitude, and
a sensor of excellent resolution or expensive device is needed.
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Further it is impossible to measure when the subject is very
close to the camera, or the subject moves rapidly or deforms
repeatedly. In the technique shown in patent document 8, a
three-dimensional model is created from a plurality ofimages
taken with the optical parameters being changed, and it is not
applicable to the subject moving very fast, and an optical
device is additionally required. The technique shown in
patent document 7 is based on the measurement of the subject
inside a pipe having a single cross section, and it is not
applicable to an irregular-shaped tubular structure. The tech-
nique shown in patent document 10 requires a stereoscopic
endoscope and device newly, and stereoscopic information
and color information must be reconstructed by parallax and
arrayed properly for display of continuous stereoscopic
image. Thus the calculation is complicated, and it is not
applicable to images taken in a fast motion. The technique
shown in patent document 11 requires an ultrasonic device to
be attached to the leading edge of an endoscope. Further air
must not be present between the ultrasonic device and the
biological tissues, and thus a new device and a complicated
arithmetic operation should be required, and the application
in the medical field is limited.

The present invention is devised in the light of the technical
problems above stated, and it is hence an object thereof to
present a three-dimensional image forming device, method
and program capable of forming easily a three-dimensional
image of a tubular structure even in a situation where the
relative position between the central axis of an irregular-
shaped and moving tubular structure and the optical axis of
the imaging means is varied.

Afirstaspect of the invention relates to a three-dimensional
image forming device for forming a three-dimensional image
on the basis of images of the inner face of a tubular structure
to be observed.

The three-dimensional image forming device includes an
imaging unit having an optical axis extending in the axial
direction of the tubular structure, for obtaining a plurality of
frame images while moving in the tubular structure under
specified lighting condition;

a luminance information extracting unit for extracting
luminance information of pixels corresponding to a specified
range of each frame image of the inner face of the tubular
structure acquired by the imaging unit;

a distance information calculating unit for calculating rela-
tive distances in the depth direction between points on the
inner face of the tubular structure and an objective lens (imag-
ing unit) on the basis of the luminance information extracted
by the luminance information extracting unit; and

a three-dimensional image forming unit for forming a
three-dimensional image of the inner face of the tubular struc-
ture by arraying the pixels corresponding to the specified
range of each frame image of the inner face of the tubular
structure while reflecting the relative distances to the array-
ing, and combining the arrayed data for a plurality of frame
images.

In a second aspect of the invention, the three-dimensional
image forming device further includes a change amount
detecting device for measuring change amount of imaging
unit (for example, an endoscope) in the circumferential direc-
tion and axial direction. The three-dimensional image form-
ing unit constructs a three-dimensional image of the inside of
the tubular structure by combining the images corresponding
to the specified range of each frame image on the inner face of
the tubular structure by data arrays for the portion of a plu-
rality of frame images while reflecting the motion informa-
tion (detected information) in the circumferential direction
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4

and axial direction at the leading edge of the imaging unit
measured by the change amount detecting unit.

The three-dimensional image forming device may further
include test line setting means for setting on each frame image
acircular test line having a center corresponding to the optical
axis of the imaging unit, as the specified range of the frame
image from which luminance information is extracted by the
luminance information extracting unit. In this case, the lumi-
nance information extracting unit extracts the luminance
information of pixels located on the test line in each frame
image.

The three-dimensional image forming device may further
include a color information extracting unit for extracting
color information of pixels composing each frame image of
the inner face of the tubular structure obtained by the imaging
unit, and a color information adding unit for adding the color
information extracted by the color information extracting unit
to each pixel composing the three-dimensional image con-
structed by the three-dimensional image forming unit.

The luminance information may be luminance information
about red, green, blue, or the mixed color thereof for com-
posing each frame image. In addition, the imaging means
may be an endoscope.

According to the invention, in a state of fluctuation of
relative positions between the central axis of an irregular-
shaped and moving tubular structure and the optical axis of
the imaging means, a three-dimensional image of the tubular
structure can be easily formed at high speed. By forming a
three-dimensional image at high speed, at the time of endo-
scopic diagnosis, in addition to conventional diagnosis based
on the shape data and color data, the motion of the tubular
structure can be accurately examined and recorded. Further,
by forming a three-dimensional image at high speed while
injecting an appropriate gas or liquid into the inner space of
the tubular organ, at the time of endoscopic diagnosis, the
information of hardness or tension of the biological tissues
composing the tubular organ can be recorded.

Conventionally, a lot of images must be taken to record an
endoscopic image, but according to the invention, a three-
dimensional image including the entire observation range can
be formed, and thus the user can easily recognize the position
or shape of a diseased portion, and the diagnostic precision of
endoscopic examination is enhanced. In addition, the
memory capacity for storing images can be reduced, and the
image reviewing time can be shortened.

Further, since the color information is added to each pixel
for forming the three-dimensional image, the three-dimen-
sional image similar to the actual subject image can be
formed. The features of the observation object can be more
easily recognized.

A three-dimensional image similar to the actual observa-
tion object, by selectively using luminance information of
red, green, blue, or mixed color thereof depending on the hue
of the observation object. For example, when observing
digestive tract or tubular organ of a patient, the luminance
information relating to a hue similar to the complementary
color of the hue of the observation object, for example, green
color is used, so that a three-dimensional image similar to the
actual subject can be formed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of entire configuration of a
three-dimensional image forming device in an embodiment
of the invention.
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FIG. 2 is a block diagram of basic configuration of an
information processing device for providing the three-dimen-
sional image forming device.

FIG. 3 is a diagram showing a configuration of a leading
edge of an endoscope in the endoscopic device composing the
three-dimensional image forming device.

FIG. 4A is a diagram showing the observation region with
an endoscope inserted and inclined downward in a tubular
space.

FIG. 4B is a diagram showing the observation region with
an endoscope inserted and inclined downward in a tubular
space.

FIG. 5 is a diagram showing a frame image extracted from
a video file, on which a circular test line is set as specified
range from which the luminance information is extracted.

FIG. 6 is an explanatory diagram about expansion and
array of pixels extracted from each frame image, and subse-
quent combining process.

FIG. 7 is a diagram showing changes in luminance infor-
mation of pixels extracted from the test line set on each frame
image.

FIG. 8 is a diagram of expanded image of inside of tubular
space constructed by a conventional method as comparison to
FIG. 7.

FIG. 9A is athree-dimensional graph showing distribution
of luminance information for Red color of each pixel com-
posing a three-dimensional image.

FIG. 9B is a three-dimensional graph showing distribution
of luminance information for Green color of each pixel com-
posing a three-dimensional image.

FIG. 9C is a three-dimensional graph showing distribution
of luminance information for Blue color of each pixel com-
posing a three-dimensional image.

FIG.10is a diagram of expanded image of inside of tubular
space as seen from the viewing point set in a direction per-
pendicular to a plane including the “time”-axis and “position
on test line”-axis and at the positive side of the “luminance”-
axis in FIGS. 9A, 9B and 9C.

FIG. 11 is a diagram of expanded image of inside of tubular
space formed in a conventional method, as comparison to
FIG. 7.

FIG. 12 is a graph showing relative changes between lumi-
nance and distance.

FIG. 13A is a diagram of three-dimensional image as seen
from the viewing point set in a direction perpendicular to the
X-Y plane and at the positive side in depth direction.

FIG. 13B is a diagram of three-dimensional image of the
image in FIG. 13A being pulled up obliquely to left, and
rotated about the Y-axis.

FIG. 13C is a diagram of three-dimensional image of the
image in FIG. 13 A being pulled down obliquely to right, and
rotated about the Y-axis.

FIG. 14 is a flowchart of three-dimensional image forming
process in Embodiment 1.

FIG. 15 is a diagram of motion detecting device of three-
dimensional image forming device in Embodiment 2.

FIGS. 16 A and 16B are diagrams for explaining correction
of image in circumferential direction in Embodiment 2.

FIGS. 17A to 17C are diagrams for explaining correction
of image in axial direction in Embodiment 2.

FIG. 18A is a diagram of expanded inside image of tubular
part with no correction in circumferential and axial direction.

FIG. 18B is a diagram of expanded inside image of tubular
part with correction in circumferential direction and axial
direction.

FIG. 19 is a flowchart of three-dimensional image con-
structing process in Embodiment 2.
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6
DESCRIPTION OF THE REFERENCE SINGS

1 three-dimensional image forming device
2 endoscope

2a objective lens

25 lighting fiber

3 control unit

10 endoscopic device

18 optical disk

19 floppy disk

20 information processing device
22 ROM

23 RAM

24 hard disk

25 monitor

27 image processor

30 tubular body

30q inner face of tubular body

50 motion detecting device

51 circumferential direction sensor
51 axial direction sensor

F optical axis of objective lens
S1, S2 observation region

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments of the invention are described below with
reference to the accompanying drawings.

Embodiment 1

FIG. 1 is a block diagram of entire configuration of a
three-dimensional image forming device in embodiment 1 of
the invention. The three-dimensional image forming device 1
includes an endoscopic device 10 for taking images of inside
face of tubular organ, and obtaining a video file composed of
a plurality of frame images, and an information processing
device 20 composed of general-purpose personal computer or
the like and connected to the endoscopic device 10, for out-
putting display signal of the video file acquired by the endo-
scopic device 10 and executing a process of forming an arti-
ficial three-dimensional image based on the frame images
extracted from the video file. The endoscopic device 10 and
the information processing device 20 are connected by way of
a cable 11 such as USB cable. The data can be transmitted
between the two devices, for example, the video file acquired
by the endoscopic device 10 is transmitted to the information
processing device 20, or a command signal is transmitted
from the information processing device 20 to the endoscopic
device 10. A video capture board may be interposed between
the endoscopic device 10 and the information processing
device 20.

The endoscopic device 10 has an endoscope 2 inserted in,
for example, a tubular organ, for taking images of hollow
inside, and a control unit 3 for compiling a video file on the
basis of signals entered through the endoscope 2. The con-
figuration ofthe endoscope 2 is explained later with reference
to FIG. 3. The control unit 3 has a controller 3a for controlling
the components in the unit 3, a signal processor 36 for com-
piling a video file of inside image of hollow based on signals
entered through the endoscope 2, and a light source 3¢ as light
source for illumination light which is emitted from the lead-
ing edge of the endoscope 2 to the observation object. The
controller 3a controls imaging operation of the endoscope 2
and on/off operation of lighting, or adjusts the quantity of
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light supplied to the endoscope 2 from the light source 3c,
according to the user’s operation.

The configuration of the three-dimensional image forming
device 1 is not particularly specified, and, for example,
instead of the endoscopic device 10 for observing the inside
of tubular organ, an endoscopic device and a video camera
system for observing the inner face of tunnel or sewerage may
be used. As the information processing device 20, instead of
the stationary (desktop) personal computer, a laptop personal
computer may be used.

FIG. 2 is a block diagram of basic configuration of the
information processing device 20. The information process-
ing device 20 includes a CPU 21 for executing sequence
control of components in the information processing device
20 according to program such as operating system (OS) as
basic software, a ROM 22 for storing a boot program to be
executed upon start-up of the information processing device
20, a RAM 23 used for buffer area as working area necessary
for execution of a program, a hard disk drive (HD in the
diagram) 24 for storing OS, application program, and various
data, a monitor 25 which is a display device for displaying
various information such as application screen, an input
device 26 such as mouse 26a or keyboard 265, an image
processor 27 for forming a three-dimensional image by oper-
ating various processes on the basis of the video file input
from the endoscopic device 10, and an external interface
(external I/F in the diagram) 28 for sending/receiving data
to\from an external device. Although not shown, the informa-
tion processing device 20 may also have an optical disk drive,
floppy (registered trademark) disk drive, and others.

In the embodiment, a three-dimensional image forming
program is stored in the ROM 22 (or hard disk 24). Reading
out this program and executing it, the image processor 27 of
the information processing device 20 achieves the following
functions. A plurality of frame images are extracted sequen-
tially from the video file input from the endoscopic device 10.
Pixel data are acquired from each frame image and arrayed.
The arrayed pixel data from the frame image for a plurality of
frame images are combined so as to form a three-dimensional
image. The video file input from the endoscopic device 10
may be stored in the hard disk 24 of the information process-
ing device 20, or may be transferred to a printer (not shown)
for print output for specified frame images.

FIG. 3 is a magnified view of the leading edge of the
endoscope 2. As known from the diagram, the objective lens
2a to the observation object, a pair of optical fibers 25 for
lighting, and operation channel 2¢ such as forceps channel or
suction channel are exposed and disposed at the leading end
of'the endoscope 2. Such configuration is a known art, and the
endoscope 2 is not particularly specified, and, for example,
one or three or more optical fibers for lighting may be used. In
the endoscope 2, the objective lens 2a has optical axis F
extending in parallel to or at a specific angle to the central axis
(indicated by B) of the endoscope 2, and has a viewing angle
of 6 degrees vertically and laterally to the optical axis F.

When taking images of inside of tubular organ, it is ideal to
move the endoscope 2 along the central axis of the hollow.
However, actually inside face of the tubular organ is irregular
in shape and is moving, the posture of the endoscope 2 in the
hollow varies, and hence the relative position of the central
axis of the hollow and the optical axis F of the objective lens
2a is always fluctuating.

Referring now to FIGS. 4A and 4B, the description is made
to change in observation region by the objective lens 2a due to
change in posture of the endoscope 2 in the tubular body 30,
and relation between the distance between the objective lens
2a and the observation object and the intensity of incident
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light to the objective lens 2a. As shown in FIG. 4A, when the
endoscope 2 inserted in the tubular body 30 is inclined down-
ward while being positioned nearly in the center in the verti-
cal direction of the tubular body, the optical axis F is inclined
downward, so that the observation region is a region as indi-
cated by reference sign S1. In this case, at the upper inner side
of'the tubular body 30, a region far from the objective lens 2a
falls in the observation region S1, and at the lower inner side
of'the tubular body 30, a region close to the objective lens 2a
falls in the observation region S1.

As shown in FIG. 4B, when the endoscope 2 inserted in the
tubular body 30 is inclined upward while being positioned
nearly in the center in the vertical direction of the tubular
body, the optical axis F is inclined upward, so that the obser-
vation region is a region as indicated by reference sing S2. In
this case, at the upper inner side of the tubular body 30, a
region close to the objective lens 24 falls in the observation
region S2, and at the lower inner side of the tubular body 30,
a region distant from the objective lens 2q falls in the obser-
vation region S2.

While taking images of inner face 304 of the tubular body,
illumination light of a constant intensity is emitted to the inner
face 304 from the lighting fiber 256 of the endoscope 2, and the
reflected light of the illumination light from the inner face 30a
enters the objective lens 2a. In this case, the luminance (inten-
sity) of the reflected light is inversely proportional to the
distance between the objective lens 2a and the inner face 30a
(FIG. 12). According to that relation, the luminance of
reflected light from the inner face 30q at a distant position
from the objective lens 2a becomes weaker, and the lumi-
nance of reflected light from the inner face 30q close to the
objective lens 2a becomes stronger. The intensity of the lumi-
nance of reflected light is reflected in the magnitude of lumi-
nance of pixels composing each frame image of the inner face
30a of tubular body acquired by conversion of the reflected
light into an electrical signal by CCD (not shown) built in the
endoscope 2 or the like.

In the embodiment, the luminance information of the pix-
els is extracted from a specified range of each frame image of
the video file which reflects intensity of reflected light from
the observation object. The specified range for extracting the
luminance information is set to a circular test line about the
center corresponding to the optical axis F of the objective lens
on each frame image. As a result, a conical depth axis con-
necting the lens to the test line is set. FIG. 5 shows that the test
line (white circular line) as the specified range for extracting
the luminance information is set on the frame image acquired
by the endoscopic device 10. By setting such test line, the
pixels located in the circumferential direction of the inner
face 30a are extracted from each of frame images composing
the video file. When the pixels for extracting the luminance
information are determined, RGB values are acquired from
each pixel. The luminance information is acquired based on
the RGB values, and the relative distance in the depth axis
direction is calculated from the luminance information. The
radius of the test line may be set arbitrarily, and one test line
set for acquiring a three-dimensional image of a certain obser-
vation object is commonly applied to all frame images
extracted from the video file.

The pixels on the test line extracted from the frame image
are arrayed on a virtual space, and the arrayed pixels for a
plurality of frame images are combined to construct a three-
dimensional image. FIG. 6 conceptually explains that pixels
located in circumferential direction of the inner face 30a of
the tubular body are arrayed, and the arrayed pixels are com-
bined for a plurality of frame images. The lateral direction in
the diagram corresponds to the axial direction of the tubular
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body 30, and the vertical direction corresponds to the inside
diameter of the tubular body 30. When combining the arrayed
pixels h1 to h8, the pixels corresponding to the central axis of
the objective lens 2a (pixels located at the position of 6
o’clock of the test line) are set as reference pixel, and the
arrayed pixels are positioned and combined so that the refer-
ence pixels may be matched.

In the embodiment, when arraying the pixels, the width in
the vertical direction is varied depending on the luminance of
each pixel on the test line. For example, each pixel is plotted
so that the width may be smaller as the luminance of the pixel
is higher and the width may be larger as the luminance is
lower. As a result, the information on inside diameter of the
tubular body 30 is added.

InFIG. 6, to simplify the explanation about combination of
arrayed pixels, the pixels are disposed on the same plane, but
actually the pixels are expanded and arrayed so that the lumi-
nance information extracted from each pixel may reflect in a
direction (depth direction) perpendicular to the sheet of FIG.
6. Hence the image is constructed three-dimensionally.

FIG. 7 is a diagram of graphs showing changes in lumi-
nance information of pixels extracted from a plurality of
frame images. Herein, changes in luminance information of
pixels extracted from ten frame images fl to f10 are shifted
and arranged in the sequence of extraction of the frame
images. In the diagram, the lateral direction corresponds to
the inside diameter of the tubular body 30, and the vertical
direction corresponds to the axial direction of the tubular
body 30. In FIG. 7, the change in luminance information
actually to be shown in a direction perpendicular to the sheet
of the diagram (depth direction) is expressed in the vertical
direction in the diagram.

To compare with FIG. 7, FIG. 8 shows an expanded image
of inner face 30a of tubular body constructed in a conven-
tional method from the same video file as that used in this
embodiment. Same as in FIG. 7, in the diagram, the lateral
direction corresponds to the inside diameter of the tubular
body 30, and the vertical direction corresponds to the axial
direction of the tubular body 30. It is known from FIGS. 7 and
8 that the change in luminance information acquired by the
method of the embodiment nearly coincides with the change
in luminance information acquired by the conventional
method.

FIGS.9A, 9B, and 9C are three-dimensional graphs show-
ing distribution of luminance information about red, green
and blue of each of pixels composing the three-dimensional
image of the inner face 30a of tubular body. In the three-
dimensional graphs, aside from the axis showing “lumi-
nance,” the axis showing the “time” corresponding to the
axial direction of the tubular body 30, and the axis showing
the “position on the test line” corresponding to the inside
diameter of the tubular body 30 are provided. FIG. 10 shows
expanded images as seen from the viewing point set in a
direction perpendicular to the plane including the axes of
“time” and “position on the test line” and at the positive side
in the axial direction of luminance, corresponding to FIGS.
9A, 9B, and 9C.

To compare with FIG. 10, FIG. 11 shows an expanded
image of inner face 30a of tubular body constructed by a
conventional method from the same video file as that used in
this embodiment. FIG. 11 corresponds to the expanded image
in FIG. 8 which is rotated by 90 degrees in counterclockwise
direction, and the region enclosed in a white frame in FIG. 11
is a region corresponding to the expanded image in FIG. 10.
In FIG. 11, the directions indicating the “time” and the “posi-
tion on inner cross section of tubular body” correspond to the
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direction of the axes showing the “time” and the “position on
the test line”, respectively, in FIGS. 9 and 10.

It is also known from FIG. 10 and FIG. 11 that the change
in luminance information acquired by the method of this
embodiment nearly coincides with the change in luminance
information acquired by the conventional method.

According to the verification conducted by the applicant of
the present application, when observing the inner face 30a of
tubular body, the most excellent detection sensitivity was
obtained when the luminance of green was used for construct-
ing a three-dimensional image, and a three-dimensional
image more similar to the actual shape of the observation was
obtained. Successively, a favorable detection sensitivity was
obtained in the sequence of blue and red. Basically, depend-
ing on the hue of the observation object, by selectively using
the luminance information of green color or blue color or red
color or mixed color thereof, a three-dimensional image of
high fidelity to the actual observation object was obtained.
For example, when the observation object is the digestive
tract or tubular organ of a patient, by using the luminance
information related to hue of wavelength similar to the
complementary color of the hue of the observation object, for
example, the luminance information related to green, a three-
dimensional image of higher more similar to the actual obser-
vation object may be obtained.

More strictly, in the embodiment, when expanding and
arraying the pixels, the position information is reflected in the
depth direction calculated on the basis of the luminance infor-
mation of pixels. Regarding the position information, for
example as shown in FIG. 12, the position information in the
depth direction is calculated from the luminance information
of'each pixel based on the relation of luminance and distance
in which they relatively change exponentially. More specifi-
cally, as the luminance information is larger, the distance
between the object lens 2a (see FIG. 4) and the observation
object is shorter, and it is judged that the observation object
projects, setting the position information in the depth direc-
tion to a large value. Thus, the convex and concave profile in
the depth direction of the observation object can be recog-
nized.

FIG. 13 A shows a three-dimensional image as seen from
the viewing point set in a direction perpendicular to the X-Y
plane and at the positive side of the depth direction (Z-axis
direction). Although not shown herein, the Z-axis extends so
that the near side of the sheet of FIG. 13A is a positive
direction along the depth direction.

FIG. 13B shows a three-dimensional image obtained when
the image shown in FIG. 13 A is pulled up obliquely to left and
rotated about the Y-axis. FIG. 13C shows a three-dimensional
image obtained when the image shown in FIG. 13A is pulled
down obliquely to right and rotated about the Y-axis.

The pixels composing the images shown in FIGS. 13A,
13B, and 13C may be added with RGB values preliminarily
extracted. This allows a three-dimensional image more simi-
lar to the actual observation object to be constructed, and the
feature of the inner face 30a of tubular body as the observa-
tion object may be obtained more easily.

FIG. 14 is a flowchart of a three-dimensional image form-
ing process to be executed according to a three-dimensional
image forming program in the information processing device
20, that is, a process from inputting video file acquired at the
endoscopic device 10 to the information processing device 20
until forming a three-dimensional image.

In this process, first, the video file acquired at the endo-
scopic device 10 is read (#11). Then the test line is set as
shown in FIG. 5 (#12). The test line is applied commonly in
all frame images extracted from the video file in the subse-
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quent steps. Further at step #12, for construction of a three-
dimensional image, the depth axis corresponding to the
Z-axis explained with reference to FIG. 13 is determined to
represent the position information of each pixel on the depth
direction.

In succession, one frame image is extracted from the read
video file (#13). Then RGB values are acquired as color
information of each pixel located on the test line set at step
#12 (#14).

On the basis of the RGB values acquired at step #14, the
luminance of each pixel on the test line is calculated (#16).
The information about the relative distance in the depth direc-
tion on the test line is acquired from the luminance, on the
basis of the exponentially relatively changing relation of the
distance and luminance shown in FIG. 12 (#17). Specifically,
the relative distance from the objective lens of the endoscope
2 to each point on the test line and inside of the tubular
structure is calculated. According to the invention, a three-
dimensional image is formed on the basis of the relative
distance between the objective lens of the endoscope and each
point inside the tubular structure. Thus, when the relative
distance information of pixel on the test line, that is, the
position information is obtained, the pixels extracted from
one frame image are arrayed with the position information
reflected in the array (#18).

Further, it is judged whether the steps #14 to #18 are
terminated on all frame images (#19). If not terminated on all
frame images, the process returns to step #13 to repeat the
subsequent steps to different frame images. When terminated
on all frame images as judged at step #19, the arrayed pixels
are combined to form a three-dimensional image (#20).
Finally, the three-dimensional graph as shown in FIG. 9 is
displayed (#21), and the process is terminated.

Although not particularly shown as a step, the three-dimen-
sional image and three-dimensional graph at steps #20 and
#21 may be stored in the hard disk 24 as required. This
three-dimensional image forming process may be executed in
parallel to the process of acquiring the video file at the endo-
scopic device 10. Alternatively, the video file acquired at the
endoscopic device 10 may be once stored at the information
processing device 20, and then executed as required. The
three-dimensional image forming process is executed by
reading out a three-dimensional image forming program
stored in the ROM 22 or the hard disk 24 in the information
processing device 20. This program may be pre-installed as
part of programs based on which control is done by the CPU
11 of the information processing device 20. Alternatively, it
may be additionally stored in the hard disk 24 of the infor-
mation processing device 20 as three-dimensional image
forming program which is carried in an external recoding
medium such as CD-ROM, DVD-ROM, optical disk 18 or
floppy disk 19 (see FIG. 1), or downloaded via network.

As clear from the description herein, according to the
three-dimensional image forming device 1 of the embodi-
ment, a three-dimensional image of irregular-shaped and
moving inner face 30q of tubular body can be easily formed
on the basis of the luminance information. Conventionally,
multiple images must be taken in order to record an endo-
scopic image, but a three-dimensional image including the
entire observation range can be formed. Thus the user can
easily recognize the position and shape of the diseased por-
tion, and can record objectively the information of the hard-
ness and motion of tissues. As a result, the diagnostic preci-
sion of endoscopic examination is enhanced, and the memory
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capacity for storing the images can be reduced while the
image reviewing time is shortened.

Embodiment 2

In this embodiment, the motion in the circumferential
direction and axial direction of the endoscope 2 is detected to
correct the expanded image according to the detected motion.
As aresult, it is possible to obtain an image reproducing more
precisely the actual state of inner face of the tubular body. For
this purpose, the three-dimensional image forming device of
this embodiment further includes a motion detecting device
for detecting the motion of the endoscope 2 in addition to the
configuration of Embodiment 1.

FIG. 15 shows a configuration of the motion detecting
device. The motion detecting device 50 includes an axial
direction sensor 51 for detecting motion amount of the endo-
scope 2 in the axial direction of the endoscope 2, and a
circumferential direction sensor 52 for detecting motion
amount of the endoscope 2 in the circumferential direction of
the endoscope 2. The sensors 51 and 52 are easily realized by
using mechanism of a mouse generally used as a pointing
device of a personal computer. The motion detecting device
50 detects the motion amount of the endoscope 2 from a
reference position in the axial direction, and the motion
amount of the endoscope 2 from a reference position in the
circumferential direction to output detected data to the infor-
mation processing device 20. The information processing
device 20 receives the detected data from the motion detect-
ing device 50, and relates time information showing the
reception time (corresponding to the detection time), the
motion amount in the axial direction, and the motion amount
in the circumferential direction, and stores them as motion
information of endoscope in a specified storage device such
as hard disk 24. When disposing the expanded images (ar-
rayed pixels), the information processing device 20 performs
correction in the circumferential direction and the axial direc-
tion on the basis of the motion information. The time infor-
mation showing the reception time (corresponding to the
detection time) is not particularly specified. Any time infor-
mation can be used, as far as it can provide relation between
the imaging time of each image frame of video file and the
detected values by the motion detecting device 50. For
example, the JST (Japan Standard Time), GMT (Greenwich
Mean Time), other standard time, or information showing the
lapse of time from start of imaging of video images may be
used.

Referring now to FIG. 16, image correction in circumfer-
ential direction is explained. The circumferential direction
sensor 52 of the motion detecting device 50 detects the
change amount in the circumferential direction of the endo-
scope 2, that is, the rotation amount. When the change amount
detected by the circumferential direction sensor 52 is Al, in
the expanded image, as shown in FIG. 16B, the pixel data on
the test line (“pixel array data™) is shifted and disposed in the
circumferential direction by the amount A1’ corresponding to
the change amount Al. By thus correcting, distortion of
image due to rotation of the endoscope 2 can be corrected.

Referring next to FIG. 17, image correction in axial direc-
tion is explained. The axial direction sensor 51 of the motion
detecting device 50 detects the change amount in the axial
direction of the endoscope 2. In embodiment 1, as shown in
FIG. 17A, the pixel array data obtained in time series from the
video file was sequentially disposed to generate an expanded
image. However, actually, the moving speed of the endoscope
2 is not always constant. That is, when the moving speed of
the endoscope 2 is nearly zero, a plurality of images may be
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obtained at the same position on the inner face of the tubular
body. When the moving speed of the endoscope 2 is faster,
images at distant positions on the inner face of the tubular
body may be obtained.

FIG. 17B is a diagram showing an example of pixel array
data obtained in time series from the video file disposed on a
position corresponding to the actual physical position. In the
diagram, the positions (moving amounts) in the axial direc-
tion of pixel array data 2 to 4, pixel array data 5 to 6, and pixel
array data 8 to 9 when acquiring those pixel array data are
nearly the same. Thus the pixel array data2to 4, 5t0 6, and 8
to 9 are shown in overlaid state, respectively. This means that
the moving speed of the endoscope 2 when acquiring these
data is zero or very slow. On the other hand, regarding the
adjacent pixel array data 0 and 1, or pixel array data 7 and 8,
differences in the motion amount in the axial direction when
acquiring these data are large, and hence pixel array data 0
and 1, or pixel array data 7 and 8 are disposed at distant
positions, respectively. This means that the moving speed of
the endoscope 2 when acquiring these data is very fast. In this
case, it means that the image data is not acquired in a rela-
tively long portion between the position corresponding to the
pixel array data 0 (or 8) and the position corresponding to the
pixel array data 1 (or 9) on inner face of tubular body.

In the embodiment, as shown in FIG. 17C, it is designed to
employ either one piece of data when there are a plurality of
pieces of pixel array data showing images at nearly same
positions in the inner face of tubular body, such as pixel array
data 2 to 4, pixel array data 5 to 6, and pixel array data 8 to 9.
On the other hand, when the interval is wide, for example,
between pixel array data 0 and pixel array data 1, or pixel
array data 7 and pixel array data 8, the intervening data is
interpolated from the data at both ends. For example, as
shown in FIG. 17C, interpolated data A is created from pixel
array data 0 and pixel array data 1 and is disposed between
pixel array data 0 and pixel array data 1. Preferably, the
number of interpolation data to be disposed between pixel
array data may be determined properly depending on the
interval. For example, when the interval is large, such as the
interval between pixel array data 7 and pixel array data 8, a
plurality of pieces of interpolation data B and C are generated
by linear interpolation and disposed. More specifically, the
resolution (the number of pixel array data disposed per unit
time) may be set in the axial direction (time direction) for the
expanded image, and the pixel array data may be decimated or
interpolated depending on the resolution.

Thus, correction of the images on the basis of the detected
values in the axial direction and circumferential direction can
reproduce an image much similar to the actual inner state of
tubular body. In this way, since the reproductivity of inner
state of tubular body can be improved, at the time of diagno-
sis, the hardness of biological tissues inside the tubular body
and the motion of inner face of tubular body can be judged
more accurately.

FIG.18A is adiagram of an image expanded and arrayed in
the method of embodiment 1 without correction in the axial
direction and circumferential direction. Applying the correc-
tion in the axial direction and circumferential direction in the
embodiment to the image data shown in FIG. 18A provides a
corrected image as shown in FIG. 18B.

FIG. 19 is a flowchart of process of executing the three-
dimensional image constructing process with correction
based on the motion of the endoscope 2. In this flow chart, the
new step #15 is added to the flowchart shown in FIG. 14 of
embodiment 1 and the process of step #18 is different from
the flowchart of embodiment 1. At step #15, the information
processing device 20 reads out the motion information
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acquired by the detecting device 50 and stored in the infor-
mation processing device 20 to get the position information in
the circumferential direction and axial direction. In the pixel
expanding and arraying process at step #18, the pixel array
data is arranged with the correction in the circumferential
direction and axial direction applied to the arrangement as
mentioned above. The processes at other steps are same as
those of embodiment 1.

In the embodiment, both circumferential direction and
axial direction are corrected, but at least either one direction
may be corrected. In this case, an image similar to the actual
inner state of tubular body may also be reconstructed.

The invention is explained herein by showing specific
embodiments, but the concept of the invention is not limited
to the illustrated embodiments alone, but may be changed and
modified or changed in design within a scope not departing
from the true spirit of the invention. For example, the tubular
body 30 is observed in the embodiments, but the invention
may be specifically applied to observation of upper digestive
tracts such as stomach, duodenum, and esophagus, lower
digestive tracts such as large intestine, and small intestine, or
urethra, ureter, or other various tubular organs.

The invention claimed is:

1. A three-dimensional image forming device for forming
a continuous three-dimensional image on a basis of images of
an inner face of a tubular structure to be observed, compris-
ing:

an imaging unit having an optical axis extending in an axial
direction of the tubular structure, for obtaining a plural-
ity of frame images while moving in the tubular structure
under a specified lighting condition;

a luminance information extracting unit for extracting
luminance information of pixels corresponding to a
specified range of each frame image of the inner face of
the tubular structure acquired by the imaging unit;

a distance information calculating unit for calculating rela-
tive distances in a depth direction between points on the
inner face of the tubular structure and an objective lens
from the luminance information extracted by the lumi-
nance information extracting unit according to an
inverse proportional relationship between the relative
distance and the luminance;

a three-dimensional image forming unit for forming a
three-dimensional image of the inner face of the tubular
structure by arraying the pixels on the specified range of
each frame image of the inner face of the tubular struc-
ture while reflecting the relative distances to the array-
ing, and combining the arrayed pixels for a plurality of
frame images; and

a detecting unit for detecting change amount of the imag-
ing unit in at least one of a circumferential direction or an
axial direction,

wherein the three-dimensional image forming unit corrects
the image three-dimensional image formed by the
arrayed pixels in at least one of the circumferential direc-
tion or the axial direction on a basis of the change
amount detected by the detecting unit, and

in order to correct the three-dimensional image formed by
the arrayed pixels, the three-dimensional image forming
unit shifts the pixels on the specified range of each frame
image in the circumferential direction based on the
change amount of the imaging unit in the circumferen-
tial direction, and

in order to correct the three-dimensional image formed by
the arrayed pixels, the three-dimensional image forming
unit interpolates or deletes the pixels on the specified
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range of each frame image based on the change amount
of the imaging unit in the axial direction.

2. The three-dimensional image forming device according
to claim 1, further comprising:

a color information extracting unit for extracting color
information of pixels composing each frame image of
the inner face of the tubular structure obtained by the
imaging unit, and

a color information adding unit for adding the color infor-
mation extracted by the color information extracting
unit to each pixel composing the three-dimensional
image formed by the three-dimensional image forming
unit.

3. The three-dimensional image forming device according
to claim 1, wherein the luminance information is luminance
information about red, green, blue, or a mixed color thereof.

4. The three-dimensional image forming device according
to claim 1, wherein the imaging unit is an endoscope.

5. The three-dimensional image forming device according
to claim 1, wherein the images of the inner face of the tubular
structure to be observed is composed of a series of images or
a video image of the inner face of the tubular structure.

6. A three-dimensional image forming device for forming
a continuous three-dimensional image on a basis of images of
an inner face of a tubular structure to be observed, compris-
ing:

an imaging unit having an optical axis extending in an axial
direction of the tubular structure, for obtaining a plural-
ity of frame images while moving in the tubular structure
under a specified lighting condition;

a luminance information extracting unit for extracting
luminance information of pixels corresponding to a
specified range of each frame image of the inner face of
the tubular structure acquired by the imaging unit;

a distance information calculating unit for calculating rela-
tive distances in a depth direction between points on the
inner face of the tubular structure and an objective lens
from the luminance information extracted by the lumi-
nance information extracting unit according to an
inverse proportional relationship between the relative
distance and the luminance;

a three-dimensional image forming unit for forming a
three-dimensional image of the inner face of the tubular
structure by arraying pixels on a test line of each frame
image of the inner face of the tubular structure while
reflecting the relative distances to the arraying, and com-
bining the arrayed pixels for a plurality of frame images,
the test line being a line or row of pixels in a frame that
are extracted; and

a test line setting unit for setting on each frame image the
test line with a center corresponding to the optical axis of
the imaging unit, the test line being set in a same speci-
fied position on each frame image,

wherein the luminance information extracting unit extracts
luminance information of pixels located on the test line
in each frame image.

7. The three-dimensional image forming device according

to claim 6, further comprising:

a color information extracting unit for extracting color
information of pixels composing each frame image of
the inner face of the tubular structure obtained by the
imaging unit, and

a color information adding unit for adding the color infor-
mation extracted by the color information extracting
unit to each pixel composing the three-dimensional
image formed by the three-dimensional image forming
unit.
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8. The three-dimensional image forming device according
to claim 6, wherein the luminance information is luminance
information about red, green, blue, or a mixed color thereof.

9. The three-dimensional image forming device according
to claim 6, wherein the imaging unit is an endoscope.

10. The three-dimensional image forming device accord-
ing to claim 6, wherein the images of the inner face of the
tubular structure to be observed is composed of a series of
images or a video image of the inner face of the tubular
structure.

11. A three-dimensional image forming method for form-
ing a continuous three-dimensional image on a basis of
images of an inner face of a tubular structure to be observed,
comprising the steps of:

extracting luminance information of pixels corresponding

to a specified range of each frame image of the inner face
of the tubular structure, each frame image being
acquired under a specified lighting condition by an
imaging unit moving in the tubular structure, the imag-
ing unit having an optical axis extending in an axial
direction thereof;

calculating relative distances in a depth direction between

points on the inner face of the tubular structure and an
objective lens from the luminance information accord-
ing to an inverse proportional relationship between the
relative distance and the luminance;

forming a three-dimensional image of the inner face of the

tubular structure by arraying the pixels on a test line of
each frame image of the inner face of the tubular struc-
ture while reflecting the relative distances to the array-
ing, and combining the arrayed pixels for a plurality of
frame images, the test line being a line or row of pixels
in a frame that are extracted; and

setting on each frame image the test line with a center

corresponding to the optical axis of the imaging unit, the
test line being set in a same specified position on each
frame image,

wherein the luminance information extracting step extracts

luminance information of pixels located on the test line.

12. A three-dimensional image forming method for form-
ing a continuous three-dimensional image on a basis of
images of an inner face of a tubular structure to be observed,
comprising the steps of:

extracting luminance information of pixels corresponding

to a specified range of each frame image of the inner face
of the tubular structure, each frame image being
acquired under a specified lighting condition by an
imaging unit moving in the tubular structure, the imag-
ing unit having an optical axis extending in an axial
direction thereof;

calculating relative distances in a depth direction between

points on the inner face of the tubular structure and an
objective lens from the luminance information accord-
ing to an inverse proportional relationship between the
relative distance and the luminance;

forming a three-dimensional image of the inner face of the

tubular structure by arraying the pixels on the specified
range of each frame image of the inner face of the tubular
structure while reflecting the relative distances to the
arraying, and combining the arrayed pixels for a plural-
ity of frame images; and

detecting change amount of the imaging unit in at least one

of a circumferential direction or an axial direction,
wherein in the three-dimensional image forming step,

three-dimensional images of the inner face composed by

the arrayed pixels are combined for a plurality of frame
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images depending on the change amount of the imaging
unit in at least one of the circumferential direction or the
axial direction, and
in the three-dimensional image forming step,
in order to correct the image in the circumferential direc-
tion, the pixels on the specified range of each frame
image are shifted in the circumferential direction
based on the change amount of the imaging unit in the
circumferential direction, and
in order to correct the image in the axial direction, the
pixels on the specified range of each frame image is
interpolated or deleted based on the change amount of
the imaging unit in the axial direction.
13. A non-transitory recording medium storing a three-
dimensional image forming program which can be installed
to an information processing device, for forming a continuous
three-dimensional image on a basis of images of an inner face
of'a tubular structure to be observed, the program making the
information processing device execute the procedures of:
extracting luminance information of pixels corresponding
to a specified range of each frame image of the inner face
of the tubular structure, each frame image being
acquired under a specified lighting condition by an
imaging unit moving in the tubular structure, the imag-
ing unit having an optical axis extending in an axial
direction thereof;
calculating relative distances in a depth direction between
points on the inner face of the tubular structure and an
objective lens from the extracted luminance information
according to an inverse proportional relationship
between the relative distance and the luminance; and

forming a three-dimensional image of the inner face of the
tubular structure by arraying the pixels on a test line of
each frame image of the inner face of the tubular struc-
ture while reflecting the relative distances to the array-
ing, and combining the arrayed pixels for a plurality of
frame images, the test line being a line or row of pixels
in a frame that are extracted; and

setting on each frame image the test line with a center

corresponding to the optical axis of the imaging unit, the
test line being set in a same specified position on each
frame image,

wherein in the luminance information extracting proce-

dure, luminance information of pixels located on the test
line is extracted.
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14. A non-transitory recording medium storing a three-
dimensional image forming program which can be installed
to an information processing device, for forming a continuous
three-dimensional image on a basis of images of an inner face
of'a tubular structure to be observed, the program making the
information processing device execute the procedures of:
extracting luminance information of pixels corresponding
to a specified range of each frame image of the inner face
of the tubular structure, each frame image being
acquired under a specified lighting condition by an
imaging unit moving in the tubular structure, the imag-
ing unit having an optical axis extending in an axial
direction thereof;
calculating relative distances in a depth direction between
points on the inner face of the tubular structure and an
objective lens from the extracted luminance information
according to an inverse proportional relationship
between the relative distance and the luminance; and

forming a three-dimensional image of the inner face of the
tubular structure by arraying the pixels on the specified
range of each frame image of the inner face of the tubular
structure while reflecting the relative distances to the
arraying, and combining the arrayed pixels for a plural-
ity of frame images; and
detecting change amount of the imaging unit in at least one
of a circumferential direction or an axial direction,

wherein in the three-dimensional image forming step,
images composed by the arrayed pixels are combined
for a plurality of frame images depending on the change
amount of the imaging unit in at least one of the circum-
ferential direction or the axial direction, and

in the three-dimensional image forming step,

in order to correct the three-dimensional image of the
inner face of the tubular structure in the circumferen-
tial direction, the pixels on the specified range of each
frame image are shifted in the circumferential direc-
tion based on the change amount of the imaging unit
in the circumferential direction, and

in order to correct the three-dimensional image of the
inner face of the tubular structure in the axial direc-
tion, the pixels on the specified range of each frame
image is interpolated or deleted based on the change
amount of the imaging unit in the axial direction.

#* #* #* #* #*



